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SPECIFICATION 

[Title] 

WASTEWATER TREATMENT INSTALLATION 
[Claims] 

1. An installation for treatment of wastewater from 
industries or houses, comprising: a detector to detect at 
least one of DO, temperature, generated gases, and pH of 
the object wastewater to be treated; and a fuzzy controller 
including interfaces 81, 82 and 83 into which deviation 
values obtained by comparing the detected values of the 
detector with the set values are input as fuzzy values, a 
memory apparatus 10 on which a predetermined number of 
fuzzy control regulations set for the variable of an input 
deviation is written down as numerical data, a central 
processing unit 9 to execute fuzzy inference in which using 
data of the memory apparatus the optimum output is inferred 
and selected from the input values of the interfaces, and 
the inference results are combined to be output as an 
amount of DO control operation, and an interface 11 to 
supply the output of the central processing unit to a DO 
controller or a display. 

[Detailed Description of Invention] 

[0001] 

[Industrial Applicability] 

The present invention relates to a wastewater 
treatment installation. 

[0002] 
[Prior Art] 

In a treatment of an active sludge to treat 
industrial wastewater generated in fields such as food 
manufacturing and petrochemistry or domestic wastewater 
from houses using aerobic bacteria, control of the quantity 
of air flow has been relied on a skilled operator. In this 
case, usually, the operator measures water temperature, 
generated gas, pH, and the like, analyzes control data 
based on the past experience, and carries out DO control. 
However, from the recent development of computers, although 
it has been tried to execute the control automatically with 
a computer, since the process control being largely relied 
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on the experience and the feel of the skilled operator is 
not expressed in a mathematical model, PID control with a 
computer could not be achieved. 

[0003] 

[Problems to be solved by Invention] 

The object of the present invention is to put the 
know-how of a conventional skilled operator into use for a 
computer so as to execute optimum aeration control of 
wastewater treatment . 

[0004] 

[Means for solving Problems] 

The above object can be achieved by an installation 
for treatment of wastewater for industrial wastewater or 
for domestic wastewater, in which a detector to detect at 
least one of DO, temperature, generated gases, and pH of 
the wastewater to be treated is installed; and at the same 
time a fuzzy controller is installed, including interfaces 
into which deviation values obtained by comparing the 
detected values of the detector with the set value as fuzzy 
values, a memory apparatus on which a predetermined number 
of fuzzy control regulations which are set for the variable 
of an input deviation is written down as numerical data, a 
central processing unit to execute fuzzy inference in which 
using data of the memory apparatus the optimum output is 
inferred and selected from the input value of the 
interfaces, and the inference results are combined to be 
output as an amount of DO control operation, and an 
interface to supply the output of the central processing 
unit to a DO controller or a display. 

[0005] 
[Action] 

As mentioned above, in the present invention, a 
detector to detect at least one of DO, temperature, 
generated gases, and pH of the object wastewater to be 
treated is installed; and at the same time a fuzzy 
controller is installed, including interfaces into which an 
input deviation value obtained by comparing the detected 
values of the detector with the set values as fuzzy values, 
a memory apparatus on which a predetermined number of fuzzy 
control regulations which are set for the variable of an 
input deviation is written down as numerical data, a 
central processing unit to execute fuzzy inference in which 
using data of the memory apparatus, the optimum output is 
inferred and selected from the input values of the 
interfaces, and the inference results are combined to be 
output as an amount of DO control operation, and an 
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interface to supply the output of the central processing 
unit to a DO controller or a display. Therefore, automatic 
computer control in which the know-how of a skilled 
operator regarding to aeration control is put into use for 
a computer can be achieved, and this always allows optimum 
DO control, enabling a stable treatment of wastewater to be 
achieved. 

[0006] 

[Embodiment Example] 

Hereinafter, with reference to drawings, the present 
invention will be described specifically. Fig. 1 is a view 
illustrating a process of a domestic wastewater treatment 
by active sludge. Usually, the domestic wastewater 

contains 80% of water and 20% of residual solids, where, 
90% of the solids are composed of organic substances such 
as carbohydrates, fats, proteins, and nucleic acids, and 
10% of the solids are composed of inorganic substances, in 
which 11% of Na 2 0, 9% of CaO, MgO, K 2 0, Fe 2 0 3 , etc. are 
contained. Wastewater 1 is introduced into a settling tank 
and subjected to a settling treatment 2, next, such 
wastewater is added with active sludge 3 containing 
unicellular protists etc. and treated. The active sludge 
is a colony of aerobic microbes where germs such as 
bacteria are contained mostly and protests such as ciliata 
are also contained. If wastewater mixed with such active 
sludge is subjected to aeration 4, the organic substances 
are oxidized and absorbed and constrained by the active 
sludge, and gradually ingested by microbes as nutritions by 
the action of an enzyme. In this manner, the organic 
substances are gradually converted into microbes and the 
active sludge grows. The treated wastewater is subjected 
to a settling treatment 5 again, the separated supernatant 
water is discharged (6), the settled sludge is returned 
through a route 7 and circulated to be utilized for the 
wastewater treatment. 

[0007] 

Although, organic substance-based wastewater is 
treated by utilizing the action of the active sludge as 
mentioned above, since the treatment utilizes oxidation- 
growth action of microbes, much oxygen is required to be 
supplied to the wastewater, this causes the treatment 
efficiency to be varied largely. Moreover, the quality and 
the substrate concentration of the organic substances or 
the like cause the treatment efficiency to be varied. 
Since, the pH of the sludge changes depending on the life 
and death of the microbes, as the temperature increases by 
10 degrees centigrade the sludge is activated by about 
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twice, and in general the reaction rate is proportional to 
the root of temperature T, it is necessary to treat the 
wastewater by consider ing the temperature coefficient. 
Conventionally, the control of the quantity of airflow in 
such a case has been performed by relaying on the 
experience and the feel of a skilled operator, however, in 
the present invention, the control is performed fuzzily as 
a control regulation. 

[0008] 

In Fig. 2, one embodiment example of a fuzzy 

controller used for the wastewater treatment installation 
according to the present invention is illustrated. In the 
present invention, first, by inserting a sensor in 
wastewater before subjected to an aeration treatment or 
treated water (wastewater after treated) , DO of the 
wastewater is measured. In clean water, usually, 7 to 14 
ppm DO is contained, thereby, a reference set value within 
the range is set in an interface I/O 81. The interface I/O 
81 has a function of being input with deviation E when the 
detected value and the set value are compared, as a fuzzy 
amount. An input signal is input into a CPU (central . 
processing unit) 9, and fuzzy inference is executed. 
Reference numeral 10 is a fuzzy memory in which a 
predetermined number of fuzzy control regulations are 
written down, the content thereof is determined 
empirically. The basic rule of this, when deviation is 
denoted as E, changed amount of the deviation in a time At 
is denoted as AE, and changed amount of operation amount is 
denoted as Au, is represented as follows. 



1 : 


E 


= 0 and AE = PB 


- Au 


= NB 


2 : 
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= PB and AE = 0 


- Au 


= NB 


3 : 
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5 : 
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= 0 and AE = 0 - Au = 


= 0 



These control regulations are summarized in Table 1. 
[0009] 
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[0010] 

Further, if these control regulations are modified by 
incorporating the know-how of a skilled operator, control 
regulations given in Table 2 can be made. 
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[0011] 

Table 2 
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[0012] 

In Fig. 2, reference numeral 11 is an interface for 
supplying the output of the CPU 9 to an aeration apparatus 
etc. Being input with the deviation value of DO and AE 
from an interface 81, the CPU 9 executes fuzzy inference 
for inferring and selecting optimum output from the input 
value. The changed amount of the operation amount thus 
selected is output for the purpose of DO control, and motor 
control for aeration is performed through the interface 11. 

[0013] 

Moreover, as for the detection signals of the treated 
water, detection of temperature T of the treated water and 
kinds of generated gases such as CO 2 , H 2 S, ammonia, or 
detection of pH can also be performed at the same time. 
Being input with the deviation of such detection values 
through the other interfaces 82, 83, - , the CPU 9 executes 
fuzzy inference. Also for the variations of each input 
deviation, a predetermined number of fuzzy control 
regulations are written down in a memory apparatus 10 as 
discrete numerical data in advance, and optimum output is 
inferred and selected from the input values. The inference 
results are combined and output as a desired operation 
amount. In order to combine the inference results obtained 
from each of the rules, a barycentric method or a weighted 
average method are used, and the former barycentric method 
is easily understood quantitatively, thereby, it is 
effective for such control that is hardly mathematized . 

The output of the CPU 9 is output into a motor control 
circuit for aeration via the interface 11, and it is 
possible to display the output on a display to operate the 
controller interactively with an operator. Since an image 
screen is displayed on a display, it is always possible to 
see immediately which rule is mainly working. Other than 
the control amount, the operation amount, and the set 
value, the display section displays the number of such a 
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control regulation that is most effective during sampling 
by switching a switch. In addition, although the pH of the 
treated water changes within a range of 4 to 9.5 depending 
on the life and death of the fungi, microbes or the like, 
usually, it should be an order of 6.5 to 7, the activity of 
the enzyme reaction changes depending on pH, temperature, 
or the like. 

[0014] 

Moreover, the generated gas is generated by reactions 
such as decomposition, oxidation, or reduction, for 
example, by photonic synthesis of algae, the following 
reaction ocuurs and C0 2 gas is generated. 

C0 2 + 2H 2 0 - CH 2 0 + 0 2 + H 2 0 

CH 2 0 + 0 2 -> C0 2 + H 2 0 
Moreover, various kinds of gases are also generated by an 
enzyme reaction as follows. 

C 6 H 12 0 5 + 60 2 6C0 2 + 6H 2 0 

2NH 4 + 20 2 - 4H 2 0 + N 2 

5S + 2H 2 0 + 6N0 3 - 5S0 4 + 3N 2 + 4H 

[0015] 

Fig. 3 illustrates an aerobic cycle, by decomposition 
of nitride compounds, carbon compounds, and sulfur, CO 2 , 
and H 2 S are generated, and by oxidation, decomposition, and 
reduction of them, nitric acid, CO 2 , and sulfur are 
generated, respectively. Such generated gases are detected 
by sensors, the deviation thereof is input into the CPU 9, 
and fuzzy inference is executed, accordingly, this enables 
signal input of optimum DO control on the basis of the 
experience of an operator to be obtained, thus, enabling 
computer control of an optimum wastewater treatment 
utilizing knowledge obtained from many years of experiences 
and feels to be performed. 

[0016] 

As above, an aerobic treatment utilizing fuzzy 
control has been described, however, in case of an anerobic 
treatment in which organic substances in wastewater are 
decomposed into methane gas CH 4 and carbon dioxide CO 2 
utilizing anaerophyte being different from the active 
sludge, the fuzzy control can also be utilized. In 
addition, in the case of the anerobic treatment, DO value 
should be made always equal to or smaller than a constant 
value . 

[0017] 

[Effect of the Invention] 

As mentioned above, in a wastewater treatment 



6 



PA-32674 CD 
Ref.2 



installation of the present invention, a detector to detect 
at least one of DO, temperature, generated gases, and pH of 
the object wastewater to be treated is installed; and at 
the same time a fuzzy controller is installed, including, 
interfaces into which a deviation value obtained by 
comparing the detected values of the detector with the set 
values are input as fuzzy values, a memory apparatus on 
which a predetermined number of fuzzy control regulations 
which is set for the variable of an input deviation is 
written down as numerical data, a central processing unit 
to execute fuzzy inference in which using data of the 
memory apparatus the optimum output is inferred and 
selected from the input value of the interfaces, and an 
interface to supply the output of the central processing 
unit to a DO controller or a display, thereby it is always 
possible to perform optimum DO control by automatic control 
of computer in which know-how of the experiences and feels 
of skilled operators is put into for use thereof. 
Accordingly, there are effects in that when aerobatic 
microbes are used, oxidation-growth action is enhanced by 
optimum DO control to enhance the efficiency of the 
treatment, on the contrary, when the anerobic treatment is 
used, DO value can be made always equal to or smaller than 
a constant value, enabling a stable treatment effectiveness 
to be obtained. 

[Brief Description of Drawings] 

Fig. 1 is a block diagram of a process of an 
embodiment example of an wastewater treatment installation 
according to the present invention; 

Fig. 2 is a block diagram of an embodiment example of 
a fussy controller for the wastewater treatment 
installation according to the present invention; and 

Fig. 3 is a schematic diagram of an aerobic cycle 
carried out in the wastewater treatment installation 
according to the present invention. 

[Description of Reference Numerals] 
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II INTERFACE 
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treated is installed and at the same time a fuzzy controller having 
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fuzzy values, the deviation values obtained by comparing the 
detected values of the detector with the set values through the 
respective interfaces 81-83. Meanwhile, the fuzzy control 
regulation of a set tank which is set for the variable of an input 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While forming the detector which detects at least one of DO of treated water, temperature, 
generating gas, and the pH in the waste water treatment equipment of industry or domestic effluent The 
interface which inputs a variation [ set point / value / of this detector / detection ] as an ambiguous 
amount (81, 82, 83), The storage which wrote in the ambiguous control regulation of the predetermined 
number set up for the variable of input deflection as numeric data (10), arithmetic and program control (9) 
which performs fuzzy reasoning which makes inference selection of the optimal output from the input value 
from said interface using the data of this store, compounds each inference result, and is outputted as an 
amount of DO control operation The waste water treatment equipment characterized by forming the fuzzy 
control machine which consists of the interface (1 1) which supplies the output of this arithmetic and 
program control to DO control device or a display. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the processor of wastewater. 
[0002] 

[Description of the Prior Art] In the activated sludge treatment which processes industrial wastewater, 
domestic wasted water from a home, etc. which are produced in fields, such as food manufacturing and 
petrochemistry, using aerobic bacteria, it depends on the skillful operator conventionally about control of 
quantity of airflow. In that case, usually an operator measures water temperature, generating gas, pH, etc., 
analyzes control data based on the past experience, and is made to perform DO control. However, by the 
process control which depends on experience of this skillful operator or intuition for many, although the 
attempt which is going to computerize this and it is going to control by development of a computer 
automatically recently was made, since it did not overcome to a mathematical model, PID control was not 
able to be carried out by computer. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention downloads the conventional skillful operators 
know-how to a computer, and aims at performing aeration control in waste water treatment the optimal. 
' [0004] 

[Means for Solving the Problem] While the above-mentioned purpose forms the detector which detects at 
least one of DO of treated water, temperature, generating gas, and the pH in the waste water treatment 
equipment of industry or domestic effluent The interface which inputs a variation [ set point / value / of 
this detector / detection ] as an ambiguous amount, The storage which wrote in the ambiguous control 
regulation of the predetermined number set up for the variable of input deflection as numeric data, The 
arithmetic and program control which performs fuzzy reasoning which makes inference selection of the 
optimal output from the input value from said interface using the data of this store, compounds each 
inference result, and is outputted as an amount of DO control operation, The waste water treatment 
equipment characterized by forming the fuzzy control machine which consists of the interface which 
supplies the output of this arithmetic and program control to DO control device or a display can attain. 
[0005] 

[Function] While this invention forms like the above the detector which detects at least one of DO of 
treated water, temperature, generating gas, and the pH The interface which inputs a variation [ set point / 
value / of this detector / detection ] as an ambiguous amount. The storage which wrote in the ambiguous 
control regulation of the predetermined number set up for the variable of input deflection as numeric data, 
The arithmetic and program control which performs fuzzy reasoning which makes inference selection of the 
optimal output from the input value from said interface using the data of this store, compounds each 
inference result, and is outputted as an amount of DO control operation, Since it is characterized by 
forming the fuzzy control machine which consists of the interface which supplies the output of this 
arithmetic and program control to DO control device or a display Computer control of the know-how of the 
skillful operator about aeration control can be taken in and carried out, the best DO control is always 
attained by the automatic control by such computer, and the stable waste water treatment can be 
attained. 
[0006] 
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[Example] Hereafter, with reference to a drawing, **** this invention is explained concretely. Drawing 1 is 
the process of the domestic-wasted-water processing by active sludge. Usually, moisture and remaining 
20% of 80% in domestic wasted water is a solid, and 90% in this solid is the organic substance, such as a 
carbohydrate, a fat, protein, and a nucleic acid, and 10% is an inorganic substance, an inorganic substance - 
- P2 05 50%, S02 15%, Na2 0 11%, CaO 9%, MgO, K2 O, and Fe 203 etc. — it is contained. Wastewater 1 
is introduced into a settling tank, is carried out precipitation processing 2, and adds and processes the 
active sludge 3 which contains a unicellular protist etc. during such wastewater next. In the cluster of 
aerobic bacteria, active sludge has most bacteria, such as bacteria, and protists, such as Ciliata, are 
contained. If wastewater which mixed such active sludge is carried out aeration 4, the organic substance 
oxidizes, adsorption detention will be carried out at active sludge, and by work of an enzyme, will serve as a 
nutrition of a microorganism gradually and will be taken in. Thus, the organic substance is gradually 
converted into a microorganism and active sludge is increased. Processed wastewater is carried out 
precipitation processing 5 again, the separated supernatant is carried out discharge 6, precipitating sludge 
is returned through the root 7, and it circulates through it, and it is used for waste water treatment. 
[0007] Although organic system wastewater is processed using the operation by the above active sludge, 
since it is processing by the oxidation multiplication of a microorganism, this processing needs a lot of 
oxygen supply, and processing effectiveness is greatly different with this. Moreover, processing 
effectiveness changes with the quality of the organic substance, substrate concentration, etc. Since twice 
[ about ] as many activation as this will be performed and a reaction rate will generally advance in 
proportion to rootT if pH changes with the life and death of a microorganism and temperature goes up by 
10 degrees C, it is required to process taking this temperature coefficient into consideration. Although 
control of the quantity of airflow in such [ conventionally ] a case was performed depending on experience 
of the skilled operator or intuition, this invention makes this a control regulation and carries out fuzzy 
control. 

[0008] One example of the fuzzy control machine used for the waste water treatment equipment 
concerning this invention is shown in drawing 2 . In this invention, first, before aeration processing is 
carried out, a sensor is inserted into next treated water (wastewater), and DO of wastewater is measured. 
7-14 ppm DO is usually contained in pure water, and it sets in this range, and is the standard set point 
Interface I/O 81 It sets up. Interface I/O 81 It has the function to input the deflection E which compared 
the detection value with the set point as an ambiguous amount. An input signal is inputted into CPU 
(arithmetic and program control)9, and fuzzy reasoning is performed. 10 is the fuzzy memory which wrote in 
the ambiguous control regulation of a predetermined number, and these contents are determined 
experientially. When a changed part of deflection is [ deltaE and a changed part of a cardinal rule of a 
control input ] deltau in deflection E, and delta t hours, 1 : E= 0 and deltaE=PB -> deltau=NB2: E=PB and 
deltaE=0 and deltaE=0 -> deltau=0 — it is as follows if this is summarized in a table. -> deltau=NB3: E= 0 
and deltaE=NB -> deltau=NB4: E=NB and deltaE=0 -> deltau=PB5: E= 0 
[0009] 
[Table 1] 





A E 




NB 


0 


PB 




PB 




NB 




E 


0 


PB 


0 


NB 




NB 




PB 





[0010] Furthermore, if a skillful operators know-how is put in and improved, the control regulation of Table 

2 can be built. 

[0011] 
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[0012] In drawin g 2 ,11 is an interface for supplying the output of CPU9 to aeration equipment etc. CPU9 
— the variation of DO, and deltaE — I/O 81 from — it inputs and fuzzy reasoning which makes inference 
selection of the optimal output from this input value is performed. In this way, it outputs for DO controkof 
a changed part of the selected control input, and the motor control for aeration etc. is performed through 
an interface 1 1 . 

[0013] Moreover, as a detecting signal of treated water, detection of the temperature (T) of treated water 
and the class 2 of generating gas, for example, CO, H2 S, ammonia, etc. or pH detection can also be 
performed to coincidence. The deflection of such a detection value is inputted through other interfaces 82 
and 83 and and performs fuzzy reasoning by CPU9. The ambiguous control regulation of a predetermined 
number is written in memory 10 as discrete numeric data also for the variable of each input deflection, and 
inference selection of the optimal output is made for it from an input value. Each inference result 
compounds it and outputs it as a necessary control input. Although a method of elastic center and a 
weighted mean are used in order to compound the inference result obtained in each of this Ruhr, the 
former method of elastic center is effective in the control which is easier to understand qualitatively and is 
hard to mathematize. Although the output of CPU9 is outputted to the motor control circuit for aeration 
through an interface 1 1, an output can be displayed on a display and a controller can be operated by 
dialogic operation with an operator. A screen is displayed on a display and it can always be turned out 
immediately which regulation is mainly working. The display section displays the number of the control 
regulation which a controlled variable, a control input, and the set point are displayed, and also it is at the 
sampling time and is most effective with the change of a switch. In addition, pH of treated water is 4-9.5 by 
life and death, such as a fungus and a microorganism. It is usual although it changes in the range. 6.5 to 
about seven are good and the activity of an enzyme reaction changes with pH, temperature, etc. 
[0014] Moreover, it generates by reactions, such as decomposition, oxidation, and reduction, for example, 
the reaction C02+2H2 0->CH2 0+02+H2 OCH2 0+02 ->C02+H2 O is performed by photosynthesis of 
algae, and generating gas is C02. Gas occurs. Moreover, various gas occurs as following also by the 
enzyme reaction. 

C6 H1205+602 ->6C02+6H2 02NH4+202 ->4H2 0+N25S+2H2 0+6N03 ->5SO4+3N2+4H[0015] Drawin g 
3 shows an aerobic cycle, ammonia, C02, and H2 S generate it by disassembly of a nitride, a carbon 
compound, and sulfur, and a nitric acid, C02, and sulfur generate it by the oxidation, decomposition, and 
reduction. Therefore, such generating gas can be respectively detected by the sensor, the deflection can 
be inputted into CPU9, the signal input of the best DO control based on experience of an operator can be 
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obtained by performing fuzzy reasoning, and the best waste water treatment can be carried out to 
computer control using the knowledge by years of experience or the pile of intuition. 
[0016] The above uses the anaerobic bacterium with which active sludge differs, although it explained 
processing aerobic treatment using fuzzy control, and it is methane CH4 about the organic substance 
under wastewater. Carbon-dioxide-gas C02 Fuzzy control can be used similarly [ in the case of the 
anaerobic treatment to decompose ]. In addition, what is necessary is just to always maintain DO value 
below at constant value in the case of this anaerobic treatment. 
[0017] 

[Effect of the Invention] As mentioned above, in waste water treatment, while this invention forms the 
detector which detects at least one of DO of treated water, temperature, generating gas, and the pH The 
interface which inputs a variation [ set point / value / of this detector / detection ] as an ambiguous 
amount, The storage which wrote in the ambiguous control regulation of the predetermined number set up 
for the variable of input deflection as numeric data, The arithmetic and program control which performs 
fuzzy reasoning which makes inference selection of the optimal output from the input value from said 
interface using the data of this store, compounds each inference result, and is outputted as an amount of 
DO control operation, Since it is characterized by forming the fuzzy control machine which consists of the 
interface which supplies the output of this arithmetic and program control to DO control device or a 
display Experience of a skillful operator and the know-how of intuition can be taken in to control, and the 
best DO control can always be carried out by the automatic control by the computer. Therefore, when 
aerobic bacteria are used, oxidation multiplication is made prosperous by the best DO control, and 
processing effectiveness is raised, and in the case of anaerobic treatment, it is conversely effective in the 
ability to acquire the treatment effect stabilized as always maintained DO value below at constant value. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the process block diagram of one example of the waste water treatment equipment 
concerning this invention. 

[ Drawin g 2] It is the block diagram of one example of the fuzzy control machine of the waste water 
treatment equipment concerning this invention. 

[Drawing 3] It is the explanatory view of the aerobic cycle carried out in the waste water treatment 
equipment concerning this invention. 
[Description of Notations] 

1 Wastewater 

2 Five Settling tank 

3 Seven Active sludge 

4 Aerator 

6 Discharge 

81, 82, 83 Interface 

9 CPU 

10 Storage 

1 1 Interface 
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